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An Engineering Experimenl Sta lion was established at the Uni-
versily of Illinois by adion of the Doard of Trustees, December 8, 
l!J03. It is the purpose of lhe ~lation to carry on investigations 
along various lines of engineering and to sludy problems of im-
portance to professional engineers ancl to manufacturing, railway, 
, constructional, and induslrial interests of the state. The labora-
tories of the College of Engineering arc being equipped with addi-
tional apparatus and facilities to further such reaearch work. It is 
believed that this experimental work will result in contributions of 
value to engineering science ancl that the presence of such investi-
gations will give inspiration to sluclents ancl acld efficiency to the 
College of Engineering. 
'l'he publications of the Station consist of Bulletins which con-
tain the results of original investiga tions, and of Circulars which 
present subjects believed to be of value to those addressed although 
the matter itself may not be entirely new. 
This Circular is presented to assist the movement for the im-
provement of the wagon roads, and it is hoped that it may be help-
ful to those having in charge the highways of the state. 
All correspondence concerning the work of the Station should 
be addressed to the Engineering Experiment Station, Urbana, 
Illinois. 
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D R A I N A G E  O F  E A R T H  R O A D S .  
I r a  0 .  B a k e r ,  P r o f e s s o r  o f  C i v i l  E n g i n e e r i n g ,  U n i v e r s i t y  o f  I l l i n o i s ;  
A u t h o r  o f  l ' ( . o a d s  a n d  P a v e m e n t s ,  M a s o n r y  C o n s t r u c t i o n ,  E t c .  
D r D i i r n J e  i 8  t h e  m o s t  i m p o r t a n t  m a t t e r  t o  b e  c o n s i d e r e d  i n  e i t h e r  
L h c  e c • n s ! . r u c t i o n  o r  i l r n  m a i n t e n a n c e  o f  a n y  f o r m  o f  r o a d ,  s i n c e  n o  
r o a d ,  w h e t h e r  e a r t h ,  g r a v e l  o r  b r o k e n  s t o n e ,  c a n  l o n g  r e m a i n  g o o d  
w i t h o u t  i t .  D r a i n a g e  a l o n e  w i l l  o f t e n  c l i a n g e  a  b a d  e a r t h  r o a d  t o  
u .  g o o d  o n e ,  w h i l e  t h e  b e s t  s t o n e  r o a d  m a y  b e  d e s t r o y e d  b y  t h e  a b -
s e i l c c  o f  p r o p e r  d r a i n a g e .  \ V a t e r  i s  t h e  n a t u r a l  e n e m y  o f  e a r t h  
r o a d s ,  f o r  m i x e d  w i t h  e a r t h  i t  m a k e s  u r n d ,  a n d  m u d  m a k e s  b a d  
g o i n g .  ' l ' h e  r a i n  o r  s n o w  s o f t e n s  t h e  e a r t h ;  t b e  h o r s e s '  f e e t  a n d  
t h e  w a g o n  w h e e l s  m i x  a n d  k n e a d  i t ;  a n d  s o o n  t h e  r o a d  b e c o m e s  
i m p a s s a b l e  m n d ,  w h i c h  t h e  f r o s t  f i n a l l y  f r e e z e s ,  a n d  t h e  s e c o n d  
s t n . t e  o f  t h e  r o a d  i s  w o r s 1 3  t l r n n  t h e  f i r s t - f o r  a  t i m e  a t  l e a s t .  
i i ' u r t h e r ,  i f  t h e  w a t e r  i s  a l l o w e d  t o  c o u r s e  d o w n  L h e  m i d d l e  o f  t h e  
r o a d  i t  w i l l  w a s h  a w a y  t h e  e a r t h ,  a n d  l e a v e  g l l l l i e s  i _n  t h e  s u r f a c e  
t h a t  m u s t  b e  l a v o r i o u s l y  f i l l e d  u p  b y ·  t r a f f i c  o r  r e p : i i r s .  N o  r o a d ,  
h o w e v e r  w e l l  m a d e  o t h e r w i s e ,  c a n  e n d u r e  i f  w a t e t ·  c o l l e c t s  o r  r e -
m a i n s  o p  i t .  P n > r n p t  a n d  t h o r o u g h  d r a i n a g e  i s  a  v i t a l  e s s e n t i a l  i n  
a l l  l ' O a d  c o n s t r u c t i o n ,  a n d  p n r t i c u l a r l y  s o  f o r  e a r t h  r o a d s .  
A  p e r f e c t l y  d r a i n e d  r o a d  w i l l  h a v e  t h r e e  s y s t e m s  o f  d r a i n a g e ,  
e a c h  o f  w h i c h  m u s t  r e c e i v e  s p e c i a l  a t t e n t i o n  i f  t h e  b e s t  r e s u l t s  a r e  
(.o  b e  o b t a i n e d .  T h i s  i s  t r u e  w h e t h e r  t h e  t r a c k w a y  b e  i r o n ,  b r o k e n  
s t o n e ,  g r a v e l ,  o r  e a r t h ;  a n d  i t  i s  e m p h a t i c a l l y  t r u e  o f  e a r t h .  T h e s e  
t h r e e  s y s t e m s  a r c  ( 1 )  u n d e r d r a i n a g e ,  ( 2 )  s i d e  d i t c h e s ,  a n d  ( 3 )  s u r -
f a c e  d r a i n a g e .  
1 .  U n d e r d r a i n a g e .  
A n y  s o i l  i n _  w h i c h  t h e  s t a n d i n g  w a t e r  i n  t h e  g r o u n d  c o m e s  a t  
a n y  s e a s o n  o f  t h e  y e a r  w i t h i n  4  o r  5  f e e t  o f  t h e  s u r f a c e  w i l l  b e  
b f : n c f i t e d  b y  d r a i n a g e ;  t h a t  i s ,  i f  t b e  s o i l  d o e s  n o t  h a v e  a  n a t u r a l  
u n c l c r c l r a i n : i g e ,  i t  w i l l  b e  i m p r o v e d  f o r  r o a d  p u r p o s e s  b y  a r t i f i c i a l  
s u b s u r f a c e  d r a i n a g e .  I t  i s  t h e  u n i v e r s a l  o b s e r v a t i o n  t h a t  r o a d s  
i n  l o w  p l a c e s  w h i c h  a r e  u n d c l ' d r a i n e d  d r y  o u t  s o o n e r  t h a n  u n -
d r a i n e d  r o a d s  o n  h i g h  l a n d .  U n d c r d r a i n e d  r o a d s  n e v e r  g e t  a s  b a d  
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• as do those not so drained. Undcrdrainage without grading is 
better ·than grading without drainage; and, in general, it may bo 
said that there is no way in which road taxes can be spent to 
better advantage than in subsurface drainage. Underdrainage is 
the very best preparation for a gravel or stone rvad. Gravel or 
broken stone placed upon an undrained foundation is almost sure 
to sink (perhaps slowly, but none the less surely), whatever its 
· thickness; whereas a thinner layer upon a drained road-bed will 
give much better service. Underdrainod roads without gravel are 
better than graveled roads without underdrainage. 
Objects of Underdrainage. 
Many persons seem to think that the sole object of underdrain-
age is to remove the surface water, but this is only a small part 
of t.he advantages of the underdrainage of roads. There are three 
distinct objects to be sought by the underdrainage of a wagon road, 
viz.: (1) to lower the water level in the soil; (2) to aid in drying 
the ground quickly after a freeze; and (3) to cut off the underflow. 
1. To Lower the Water Level. When rain water falls upon 
the surface of the ground it sinks into the soil, and continues to 
flow downward until it reaches soil that is saturated, that is, it 
fl_ows vertically downward until it reaches the . surface of what 
may be called the underground Jake. The most important object 
of underdrainage is to lower the level of this underground lake. 
The action of the sun and the breeze will finally dry the surface 
of the road; but if the foundation is soft and spongy, the wheels 
will wear ruts and the horses' feet will make depressions between 
the ruts. The first shower fills these depressions with water, :ind 
the road is soon a mass of mud. A good road can not be main-
tained without a good foundation; and an undrained soil is a poor 
foundation, but a dry soil can support almost any load. The lower-
ing of the · surface of saturation not only improved the road by 
keeping the surface• comparatively dry, but also prevents, or greatly , 
reduces, the destructive effect of frost. The injurious effect of 
frost is caused entirely by the presence of watP.r, and the more 
water there is in the road-bed the greater the injur~' to the road. 
_ The water expands on freezing, the surface of the road is up-
·heaved, and the f!oil is made porous; when thawing takes place, 
( i  
t h e  g r o u n d  i s  l e f t  h o n e y c o m b e d  a n d  s p o n g y ,  r e a d y  t o  s e t t l e  a n d  
E i n k ,  a n d  n a d e r  t r a f f i c  t h e  r o a d  " b r e a k s  u p . "  I f  t h e  r o a d  i s  k e p t  
d r y ,  i t  w i l l  n o t  b r e a k  u p .  U n < l e r d r a i n a g c  c a n  n o t  p r e v e n t  t h e  s u r -
f a c e  o f  t h e  r o a r 1  f r o m  b e c o m i n g  s a t u r a t e d  w i t h  w a t e r  d u r i n g  a  
r a i n ,  b u t  i t  i s  t b c  b e s t  m e a n s  o f  r e m o v i n g  t h e  s u r p l u s  w a t e r ,  t h u s  
d r y i n ; ;  t h e  s u r f a c e  a n d  p r e v e n t i n g  t h e  s u b s e q u e n t  h e a v i n g  b y  f r o s t .  
' l ' h a t  f r o s t  i s  h a r m l e s s  w h e r e  t h e r e  i s  n o  m o i s t u r e ,  i s  s h o w n  o n  
a  l a r g e  s c a l e  i n  t h e  s e m i - a r i d  r e g i o n s  w e s t  o f  t h e  M i s s i s s i p p i  R i v e r .  
T h e  g r o u n d  t h e r e  i s  n o r m a l l y  s o  d r y  t h a t  d u r i n g  t h e  w i n t e r  w h e n  
i i .  i s  f r o z e n ,  c r a c k s  f o r m  h a l f  a n  i n c h  o r  m o r e  w i d e ,  o w i n g  t o  
t h e  d r y i n g  a n t 1  c o n s e q u e ! 1 t  c o n t r a c t i o n  o f  t h e  h o i l ,  w h i c h  s h o w s  
t h a t  t h e r e  i s  n . i  e x p a n s i o n  b y  t h e  f r e e z i n g  o f  w a t e r  i n  t h e  s o i l ;  
a n d  t h e r e  Z n r e  t h e r e  i s  n o  h e a v i n g  o r  d i s t u r b a n c e  b y  f r o s t .  I n  t h i s  
r e g i o n  h o u ; ; c , . ;  a r e  o f t . e n  b u i l t  o n  t h e  v e r y  s u r f a c e  o f  t h e  g r o u n d ,  
a n d  n n  t r o u b l e  i s  e v e r  e x p e r i e n c e d  b y  t h e  a c t i o n  . o f  f r o s t .  B u t  i n  
. i l i i ; ; o i s  t ! 1 c  s u r f a c e  s o i l  i s  f r e q u e n t l y  s a t u r a t e d ;  a n d  t h e r e f o r e  i t  i s  
•1u~css:.ry t o  . 1 n d e r < I . - a i n  t o  p r e v e n t .  t h e  h e a v i n g  o f  t h e  f r o s t ,  a n d  
t h e  consct~ucnt " b r 1 : a k i n g  n p "  o f  t h e  r o a d s .  
! 2 .  T o  L i d  i n  D r y i n g  t h e  G r o u n d  Q u i c k l y  A f t e r  a  F r e e z e .  
W l i c n  t h e  fros ~ c o m e s  o n t  o f  t h e  g r o u n d  i n  t h e  s p r i n g ,  t h e  t h a w i n g  
i r : ;  q n i l c  n s  m u c h  f r o m  t h e  b o t t o m  a s  f r o m  t h e  t o p .  I f  t h e  l a n d  i s  
L J 1 1 c l e r d r : i i 1 1 c 1 l ,  L l 1 c  w : 1 l e r  w h e n  r e l e a s e d  b y  t h a w i n g  f r o m  b e l o w  w i l l  
b e  ; m m e d i : i t r > l y  e n r t i e J  r t w a y ,  w h i c h  i s  p a r t i c u l a r l y  i m p o r t a n t  i n  
r n r t r l  d r a i n a g e ,  s i n c e  i h e  f o u n d a t i o n  w i l l  t h e n  r e m a i n  s o l i d  a n d  t h e  
l ' O a c i  i t s e l f  w i l l  n o t  b e  c u t  u p .  U n d e r d r a i n a g e  w i l l  u s u a l l y  p r e v e n t  
i h e  " b o t t o m  d r o p p i : 1 g  o u t "  w h e n  t h e  f r o s t  g o e s  o u t  o f  t h e  g r o u n d .  
T;ij~: e f f e c t  o f  u n d e r d r a i n a g e  i s  m u c h  m o r e  i m p o r t a n t  t h a n  m a n y  
s c e n t  t o  t h i n k ,  b u t  a  l i t i l e  o b s e r v a t i o n  w i l l  s h o w  i t s  v a l u e .  
3 .  T o  C u t  O f f  t h e  U n d e r f l o w .  A  t h i r d ,  a n d  s o m e t i m e s  a  v e r y  
i m p o r t a n t ,  o b j e c t  o f  s u b d r a i n a g e  i s  t o  r e m o v e  w h a t  m a y  b e  c a l l e d  
t h e  u n d e r f l o w .  I n  s o m e  p l a c e s  w h e r e  t h e  g r o u n d  i s  c o m p a r a t i v e l y  
d r y  w h e n  i t  f r e e z e s  i n  t h e  f a l l ,  i t  w i l l  b e  v e r y  w e t  i n  t h e  s p r i n g  
w h e n  t h e  f r o s t  c o m e s  o u t - s u r p r i s i n g l y  s o  c o n s i d e r i n g  i t s  d r y n e s s  
b e f o r e  f r e e z i n g .  T h e  e x p l a n a t i o n  i s  t h a t  a f t e r  t h e  g r o u n d  f r e e z e s ,  
w a t e , ·  r i s e s  · s l o w l y  i n  t h e  s o i l  b y  t h e  h y d r o s t a t i c  p r e s s u r e  o f  t h e  
w a t r r  i n  h i g h e r  p l a c e s ;  a n d  i f  i t  i s  n o t  d r a w n  o f f  b y  u n d e r d r a i n a g e ,  
i L  s a t . u r a t e s  t h e  s u b s o i l  a n d  r i s e s  a 5  t h e  f r o s t  g o e s  o u t ,  s o  t h a t  t h e  
g r o u u d  w h i c h  w a s  c o m p a r a t i v e l y  d r y  w h e n  i t  f r o z e  i s  p r a c t i c a l l y  
s a t n r n t e d  w h e n  i t  t h a w s .  
I 
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'The Method of Underdrainago. 
·Tho Tile. The best and cheapest method of securing under-
drainage is to lay a line of porous or farm tile 3 or 4 feet deep 
on one or both sides of the roadway. The ordinary farm tile 
is entirely satisfactory for road drainage. It should be uniformly 
burned, straight, round in cross section, smooth inside, and have 
the ends cut off square. Tile may be bad from 3 to 30 inches in 
diameter. The smaller sizes are usually a foot long, and the larger 
sizes are 2 or 2% feet long, but usually the former. The cost of 
tile free on board cars at almost any railroad station in Illinois is 
about as given in Table 1, although the prices may be a little 
higher or a little lower, depending upon the demand at the factory 
or upon the freight rate. Y's for connections ;)an be had at most 
factories, but they cost four or five times as mu~h as an ordinary 
tile. With patience and a little experience ordin<ll'Y tile can be cut 
to make fairly good connections. 
Before the introduction of tile for agricultural drainage, it was 
customary to secure underdrainage by digging a trench and deposit-
ing in the bottom of it logs or bundles of brush, or a layer of 
broken stone; or a channel for the water was formed by setting 
a line of stones on each side of the trench and joining the two 
with a third line resting on these two. Apparently it is still the 
practice in some localities to use such substitutes for ordinary 
drain tile. Tiles are better, since they are more easily laid and 
are less liable to get clogged. Tiles are cheaper in first cost, even 
when shipped considerable distances by rail, than any reasonably 
good substitute, and the drains are much more durable. 
Tiles are laid simply with their ends in contact, c~re being taken 
to turn them until the ends fit reasonably close. In some localities 
there is apparently fear that the tile will become stopped by fine 
particles of soil entering at the joints, and consequently it is specified 
that the joint shall be covereil with tarred paper or something of 
the sort; but in the Mississippi Val~ey,' where immense quantities 
of tile have been laid, no such difficulty has been encountered. With ·· 
a very slight fall or even no fall at all, tiles will keep clean, if a 
free outlet is provided and if they are not obstructed .by roots of · 
trees-particularly willow. 
In some localities it . is apparently customary to use collars 
around the ends· of the tile to keep them in line. If tho bottom of 
8  
' l ' A B L E  I .  
C o s t  a n d  W e i g h t  o f  D r a i n  T i l e .  
- - ·  - - - · - - - - -
~I f,E 
l ' r i e c  J l " l '  W e i g h t  I  
A  vcrn~o C u r  L o a . d  
P r i c c c  o r  
C o n n e c -
t i o n s  
1 , 0 0 0  f e e t  p e r  f o o t  N o .  p i e c e s  I  R o d s  
- , 1 - - i u c l i t T l _ e _  . .  - . .  - .  -. .  -. .  - .  -. .  - . 1$ 1 - 5 -. 0 - 0 - · - - 6 - .  -1 1 - J s - .  - 6 -, 5- 0 0  
; ;  . .  •  .  .  .  .  .  .  . .  .  .  .  .  .  2 1 . 0 0  t l  "  ( i , 0 0 0  
( i  •  •  •  •  .  .  .  .  .  .  •  .  .  .  .  .  .  2 7 .  0 0  1 1  •  •  4 ,  0 0 0  
3 1 ! 0  1~0 
3 0 0  . 1 2  
2 4 0  . 1 4  
7  • •  • •  .  .  .  .  .  .  .  .  .  .  .  .  3 1 i . O O  I  1 4  • •  3 , 0 0 0  
s  "  "  .  .  .  .  .  .  .  .  .  .  .  .  .  4 t l .  0 0  .  J  8  .  '  1 ,  2 0 0  
l  0  "  "  . .  . .  .  . .  . .  . .  .  .  6 l i .  O U  2 f i  "  8 0 0  
1 8 0  . 1 5  
1 4 4  . 2 5  
! J G  . 3 5  
1 2  "  "  .  .  .  .  .  .  .  .  .  .  .  .  .  ! J f i .  0 0  3 : 1  "  f > O O  
6 0  . l ' i O  
1~ : :  · . :  . . . . . . . . . . . . .  
1  
)~~-()(i ~3 : :  I  ~00 
l . o  . . . . . . . . . . . . .  
1  
H  • .  J .  ! J O  . J O  . J O O  
l l. i  "  • ·  . .  . .  .  . .  .  .  . .  . .  l ! J 0 . 0 0  r , : i  "  2 5 0  
1 8  "  . . . . . . . . . . . .  2 < i G . O O  7 0  "  2 ( 1 0 .  
: ! . f i  
1 1  
• •  ,  • • • • •  ,  • • • •  : : : : . t . 0 0  M:~ 
1
'  JI~() 
2 2  ·  •  . .  . .  . . . . . . . . . . .  ,  ,1 0 0 .  o o  1  o o  . .  I  1 1 ; 0  
4 H  . 6 0  
: 3 6  . 7 0  
< J O  . 8 0  
2 4  1 . 0 0  
2 0  1 .  : ! f1  
1 \ 1  •  I  , r , o  
1 S  2 . 0 0  
e n  "  . .  .  .  .  .  . .  . .  .  . .  .  .  7 5 0 .  o o  r n 2  "  6 5  
1 0  B .  0 0  
2 ·1  "  . . . . . . . . . . . . . .  ·  1 '  · l : J 0 . 0 0  1 1 2  . .  I  I G O  
- - - - - - - - - - - - ·  - ' - - - - - - - - ' - - - - - - ' - - - - - ' - - - - - - -
1 , L e  t r e n d 1  i s  m a d e  b u t  l i t t l e  w i d e r  t h a n  t h e  d i a m e t e r  o f  t h e  t i l e ,  
O l '  i f  a  g - n : . o v e  i s  s c o o p e d  o u t  i n  t h e  b o t t o m  o f  t h e  t r e n c h  t o  f i t  t h o  
t i l e ,  n o  d i f f i c n H . y  u c e d  b e  a p p r e h e n d e d  f r o m  t h i s  s o u r c e .  
T h J  S i :r n  o f  T H e .  T h e  f o l l o w i n g - f o r m u l a  i s  s o m e t i m e s  e m p l o y e d  
t o  d e t e r m i n e  t h e  a m o u n t  o f  w a t e r  r e m o v e d  b y  a  t i l e ;  b u t  t h e  
f o r m u l a  i s  o n l y  a p p r o x i n w t e ,  a n d  r e s u l t s  o b t a i u e d .  w i t h  i t  a r e  o n l y  
~unthematical g u e s s e s ,  s i n c e  w e  c a n  n o t  k n o w  w i t h  a n y  c e r t a i n t y  
t h e  m a x i m u m  r a t e  o f  r a i n f a l l ,  t h e  d u r a t i o n  o f  i h e  m a x i m u m  r a t e ,  
t . h e  p c r m o r i b i l i t y  o f  t b c  s o i l ,  t h e  a m o u n t  o f  w a t e r  r e t a i n e d  b y  t h e  
r ; o i ! ,  t h e  e f f e c t  o f  s u r f a c e  w a t e r  f l o w i n g  o n t o  t h e  r o a d  f r o m  h i g h e r  
; ; r o u n d ,  t i l e  a r e a  t o  b e  d r a i n e d ,  e t c .  T h e  f o r m u l a  i s  u s e f u l  o n l y  
i a  a  l o c a l i t y  w h e r e  t h e r e  i s  n o  l o c a l  e x p e r i e n c e  w i t h  t i l e ;  a n d  i t s  
c h i e f  v a l u e  c o r . . s i s t s  i n  s h o w i n g  t h e  r e l a t i o n  b e t w e e n  c a p a c i t y  a n d  
g r n • l e ,  a n d  t h e  e f f e c t  o f  a  v a r i a t i o n  i n  t h e  d i a m e t e r  o f  t h e  t i l e .  
T l 1 e  f o r m u l a  i s :  
A~l.9 j n •  
' - I  
i n  w h i c h  A  i s  t h e  n u m b e r  o f  a c r e s  f o r  w h i c h  a  t i l e  h a v i n g  a  
d i a m e t e r  o . f  U .  i n c h e s  a n d  a  f a l l  o f  f  f e e t  i n  n .  l e n g t h  o f  l  f e e t  w i l l  
r e m o v e  1  i n c h  i n  d e p t h  o f  w a t e r  i n  2 4  h o u r s .  
T h e  o b j e c t  o f  u n d e r d r a i n i n g  a  r o a d  i s  t o  p r e v e n t  t h e  p l a n e  o f  
s : i . t u r : : i  t i o n  f r o m  r i s i n g  s o  n e a r  t h e  s u r f a c e  a s  t o  s o f t e n  t h e  f o u n d a - -
t i o n  o f  t h e  r o a d  e v e n  d u r i n g  a  w e t  t i m e ,  a n d  t h £ > r e f o r e  t h e  p r o -
v i s i o n  f o r  u n d e r d r a i n a g e  s h o u l d  b e  l i b e r a l ;  b u t  w h a t  w i l l  b e  a d & -
quate in any particular case depends upon the amount of traffic, 
the local conditions, the soil, etc. The best prn.ctice in agricultural 
drainage provides for the removal of 0.5 to 1 inch of water per 
day; but since the side ditches will assist in removing rain water 
from the road, it is probable that a provision for the removal of 
half an inch per day is sufficient for the underdrainage of a road. 
If there is an underflow of water from higher ground, or if the 
ground is "springy," then the ordinary proviaiomi fot' underdrain· 
age should be increased. 
It is not wise to lay a smaller tile than a 4-inch one, and prob-
ably not smaller than a 5-inch. Tiles can not be laid in exact line, 
and any tilting up of one end reduces the cross section. Again, if 
there is a sag in the line equal to the inside diameter, the tile will 
shortly become entirely stopped by the deposit of silt in the de-
pression. 
It is sometimes wiser to lay a larger tile th'm to increase the 
fall. Again, it may be better to lay a large tile near the snrface 
with smaller fall than to lay small tile deeper with a greater fall. 
Ordinarily, the deeper the tile the better the drainage, although 
31/2 or 4 feet deep is usually sufficient. 
The Fall. There is no danger of the grade of the tile being 
too great, and the only problem is to secure sufficient fall. A num-
ber of authorities on farm drainage and also several engineering 
manuals assert that a fall of 2% or 3 inches per 100 feet is the 
lowest limit that should be attempted under the most favorable 
conditions; but practical experience has abundantly proved that 
a much smaller fall will give good drainage. In central Illinois 
and northern Indiana are many lines of tile having falls of only 
1-6 to 1-4 of an inch per 100 feet which are giving satisfactory 
drainage; and not unfrequently the ordinary porous_ tiles laid abso-
lutely level directly upon the earth in the bottom of the trench, 
without collars or other covering over the joints, bnve given good 
<lrainage without trouble from the deposit of sediment. Of course, 
extremely flat grades are less desirable than steeper ones, since 
larger tiles must be used, and greater ca.re must be exercised in 
laying them, and there is more risk of the drain ],ecoming ob-
structed; but these extremely fiat grades are sometimes all that 
can be obtained, and such, drains abundnntly justify the expense 
of their construction. 
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I f  p o s s i b l e  a t  r e a s o n a b l e  e x p e n s e ,  t h e  g r a d e  b h o u l d  b e  a t  l e a s t  
2  i n c L e s  p e r  1 0 0  f e e t ;  a n d  s h o u l d  n e v e r  b e  l e s s  t h a n  1 /
2  
i n c h  
p e r  1 0 0  f e e t  u n l e s s  a b s o l u t e l y  n e c e s s a r y .  O n  l e v e l  o r  n e a r l y  l e v e l  
g r o n n d ,  t h e  f a l l  m a y  b e  i n c r e a s e d  b y  l a y i n g  t h e  t i l e  a t  t h e  u p p e r  
e n d  s h a l l o w e r  t h a n  a t  t h e  l o w e r .  
L a y i n t i  t h e  T i l e .  I t  i s  u n w i s e  t o  e n t e r  u p o n  a n y  d e t a i l e d  d i s c u s -
s i o n  o f  t h e  a r t  o f  l a y i n g  t h e  t i l e .  T h e  i n d i v i d u a l  t i l e s  s h o u l d .  b e  
l a i d  i n  l i n e  b o t h  v e r t i c a l l y  a n d  h o r i z o n t a l l y ,  w i t h  a s  s m a l l  j o i n t s  
a t  l h e  e n d  a s  p r a c t i c a b l e .  C a r e  s h o u l d  a l s o  b e  t a k e n  t h a t  t h e  t i l e  
i s  l a i d  t o  a  t r u e  g r a d e ,  p a r t i c u l a r l y  i f  t h e  f a l l  i s  s m a l l ,  f o r  i f  t h e r e  
i s  a  s a g  i t  w i l l  b e c o m e  f i l l e d  w i t h  s e d i m e n t ,  o r  i f  t h e r e  i s  a  c r e s t  
s i l t  w i l l  b e  depo~ited j u s t  a b o v e  i t .  T h e  d r a i n  s h o u l d  h a v e  a  f r e e  
a ; 1 d  a c k q n a t e  o u t l e t .  T h e  e n d  o f  t h e  l i n e  o f  t i l e  s h o u l d  b e  p r o -
t e c t e d  b y  m a s o n r y ,  b y  p l a n k  n a i l e d  t o  p o s t s ,  o r  b y  r e p l a c i n g  t h r e e  
o  .  . - f o u r  t i l e s  a t  t h e  l o w e r  e n d  b y  a n  i r o n  p i p e  o r  b y  a  w o o d e n  b o x .  
T h e  p r < w a i l i n g  p r i c e s  f o r  l a y i n g  t i l e  i n  l o a m  w i t h  c l a y  s u b s o i I  
L;  : c b r, u t  a s  f o l l o w s :  f o r  8 - i n c h  t i l e  o r  l e s s  1 0  c e n t s  p e r  r o d  f o r  
i : c , c h  f o o t  o f  d e p t h ;  f o r  9 - i n c h ,  1 1  c e n t s ;  f o r  1 2 - i n c h ,  1 4  c e n t s ;  f o r  
I 5 - i n c L ,  1 7  c e n t s ;  a n d  f o r  1 6 - i n c h ,  1 8  c e n t s .  T o  a i d  i n  r e m e m -
u c r i : 1 g  t h e  a b o v e  J a t a ,  n o t i c e  t h a t  t h e  p r i c e  i s  1 0  c e n t s  p e r  r o d  p e r  
f o o ! ;  o f  d e p t h  f o r  8 - i n c b  t i l e  o r  l e s s ,  w i t h  a n  i n c r e a s e  o f  1  c e n t  f o r  
e . : i e ; 1  ; : d d i t i o n a l  i n c h  o f  d i a m e t e r .  
' ! ' h e  c o n t  o f  a  m i l e  o f  5 - i n c h  t i l e  d r a i n  i s  u s u a l l y  f r o m  $ 2 0 0  t o  
:~'2i"/J, c x . c l n s i v e  o f  f r e i g h t  o n  t h e  i i l e .  I f  t h e r e  i s  a n y  c o n s i d e r a b l e  ·  
a m n n n t  o f  w o r k ,  t h e  a b o v e  p r i c e s  f o r  t h e  s m a l l e r  t i l e  c a n  b e  r e -
lin c~ <l 1 0  t o  2 b  p e r  c e n t .  A  t i l e  d r a i n  i s  a  p e r m : i n e n t  i m p r o v e m e n t  
w i  t ' . 1  n o  e x p e n s e  f o r  m a i n t e n a n c e ,  t h e  b e n e f i t  b e i n g  i m m e d i a t e  a n d  
c e r t a ; n ;  n n d  · t h e r e f o r e  i t  i s  d o u b t f u l  i f  m o n e y  c a n  b e  s p e n t  o n  ·  
e a r :  h  r o a d s  t o  b e t t e r  u d v a n t a g e  t h a n  i n  l a y i n g  t i l e .  
O n e  . o r  T w o .  L i n e s ?  U s u a l l y  u  l i n e  o f  t i l e  2 %  t o  3  f e e t  d e e p  
u n d e r  t 1 1 0  d i t c h  a t  o n e  s i d e  o f  t h e  r o a d  w i l l  g i v e  s u f f i c i e n t  d r a i n a g e .  
S o n . : e  t e s t s  m a d e  b y  t h e  I l l i n o i s  A g r i c u l t u r a l  E x p e r i m e n t  S t a t i o n  
( n o t  y e t  p u b f o ; h e d )  s e e m  t o  i n d i c a t e  t h a t  o n e  l i n e  w i l l  g i v e  f a i r l y  
r ; o o d  d r a i n a g e  u n d e r  t h e  m o s t  a d v e r s e  c o n d i t i o n s .  T h e  e x p e r i m e n t  
con si~ lcd i n  t h o  d n i i n a g e  o f  a  p i e c e  o f  l a n d  s e l e c t e d  a s  t h e  w o r s t  
t h a t  e o n l c l  b e  f o u n d  i n  a  p a r t  o f  t h e  s t a t e  n o t o r i o u s  a s  h a v i n g  a  
l : t 1 g e  a r e a  o f  h a r d - p a n  w h i c h  i t  w a s  g e n e r a l l y  c o n s i d e r e d  c o u l d  n o t  
t o  n n d e n 1 r n i n c c 1  " b e c a u s e  t h e  s o i l  h e l d  w a t e r  1 i k e  a  j u g . "  L i n e s  
o f  t i l e  w e r e  l a i d  2 1 /
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f e e t  d e e p  a n d  5 0  f e e t  a p a r t .  T h e  w a t e r  l e v e l  
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at a point midway between the lines of tiles wns lowered 18 inches, 
when at the same time the water level in t!Je undrained portion of 
the field was only 6 inches below the surface. In this case the 
Sllrface of the ground water had a slope of 1 foot in 25 feet. 
A few other observations seem to confirm the above result for 
the slope of the surface of saturation in a retentive soil. The exact 
form of the surface of saturation is not known, but it is known to 
be a curve slightly convex upward. The inclination varies with the 
nature of the soil, is most convex near the tile, an~ is most convex 
immediately after a rain and gradually thereafter approaches an 
inclined plane. 
The traveled portion is usually not more than 50 feet wide, and 
therefore a single line of tile 21/2 to 3 feet below the bottom of the 
side ditch, if of adequate size, will give nearly perfect drainage; 
and . a second line will not greatly improve it. For example, in 
Fig. 1, if A represents the first line of tile, the surface of the 






Fig. 1. Relative Effect of One Line and of Two Lines of Tile. 
If a second line of tile, D, is laid, the wat3r surface will be 
A B D, and the second line will drain only the comparatively small 
portion C B D. The diagram shows that a single line well below 
the surface is far better than two shallow ones. For example, 
lowering the tile A 6 inches, Jowers the water surface to A'C', 
which represents better clrninage than the line A ll D with the two 
lines of tile. 
It is generally conceded lhat for agricultural drainage it is 
sufficient to place the lines of tile 100 · f eet apart, provided they 
arc of reasonable size and at sufficient depth. A tile will give 
agricultural drainage 50 feet on ~ither side of it; that is, ~ tile 
under only one side ditch will give agricultural drninoge of the 
____ traveled way. More thorough dl'ninage is required for agricultural 
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t i r n  n  f u r  r o a d  p u r p o s e s ,  s i n c e  w h e n  d a m p  m o s t  s o i l s  w i l l  p a c k ,  
w h i c h  i s  h a r m f u l  t o  a g r i c u l t u r a l  l a n d  b u t  b e n e f i c i a l  t o  a  r o a d .  
T h e  a b o v e  s e e m s  t o  p r o v e  t h a t  o n e  J i 1 1 e  o f  t i l e ,  i f  o f  p r o p e r  s i z e  
m 1 d  ' '  t  s u f f i c i e n t  d e p t h ,  w i l l  a f f o r d  s u f f i c i e n t  d r a i n a g e  f o r  r o a d  p u r -
p o s e s ;  b u t  n e v e r t h e l e s s  i t  i s  c l a i m e d  b y  c o m p e t e n t  a u t h o r i t i e s  t h a t  
t w o  L n e s  a r c  s o m e t i m e s  r e q u i r e d .  I n  s o m e  l o c a l i t i e s  a  s t r a t u m  o f  
h a r d - p a n  n e a r  i h e  s u r f a c e  m a k e s  i t  n e r w s s : l J ' y  t o  l a y  t h e  t i l e  s o  
s h a l l o w  t h a t  t w o  ! i 1 l e s  a r e  r e a l l y  r e q u i r e d ;  a n d  s o m e t i m e s  t h e  t i l e  
i i ;  s o  s m a l l  o r  s o  p o o r l y  h i d  t h a t  o n e  l i n e  i s  i n s u f f i c i e n t .  
I n  c a : ; e  o f  d o u b t  a~ t o  w h e t h e r  o n e  o r  t w o  l i n e s  o f  t i l e  a r e  
n c r d e ( : ,  p u t  i n  o n e  a n d  w a t c h  t h e  r e s u l t s .  I f  b o t h  s i d e s  o f  t h e  r o a d  
: . i · "  c q 1 2 : . J l y  ~:oorl, a n o t h e r  t i l e  r l r : 1 i n  i s  n o t ;  n e e d e d .  J n  m:ikin~ 
t l : r • , : o  r 1 h : - ; e r v ; 1 t , i u 1 1 : ;  c a r 1 ;  s l J O u l c l  i l c  t : i k c 1 1  n o t  t o  o v e r l o o k  a n y  o f  
~he f a c t o r s ,  a s ,  f o r  e x a m p l e ,  t h e  d i f f e r e n c e  i n  t h e  e f f e c t  o f  t h e  s u n  
n p o n  t i ; c  s o u t h  a n d  t h e  n o r t h  s i d e s  o f  t h e  r o a L l ,  t h e  e f f e c t  o f  s h a d e  
o r  o f  8 e c p a g e  w a  l c r ,  t h e  t r a ; : i s v e r s e  s l o p e s  o f  I . h e  s u r f a c e  o f  i h e  
r o : : ; d ,  e t c .  
L o c a t ' . o n  o f  t h e  T i l e .  ~ome w r i t e r s  o n  r o a d s  r r c o m m e n d  a  l i n e  
o f  t i l e  1 1 ! l d e r  t h e  m i d d l e  o 1  t h e  t r a v e l e d  p o r t i o n .  A  t i l e  u n d e r  t h e  
n : ; d d l c  o f  t h e  r e a d  i s  a  l i t l l e  m o r e  e f f e c t i v e  t h a n  o n e  a t  t h e  s a m e  
i c v e l  u n d e r  l l i c  s i d e  d i t c h ;  b u t  t h e  f o r m e r  i s  c o n s i d e r a b l y  m o r e  
e x p c 1 1 s i 1 · e  t o  l a y ,  s i n c e  i t  n e c e s s i t a t e s  m o r e  d i g g · i n g - w h e t h e r  t h e  
t i l e  i s  b i d  b e f o r e  o r  a f t e r  L h e  r o a d  i s  g r a d e d .  W i t h  t h e  s a m e  
d e p t h  o f  d i < ; · i , : f o g ,  n  L i l e  n n r l e r  I . h e  s i d e  d i t c h  i s  m o r e  e f f e c t i v e  t h a n  
o n e  n ; 1 d c r  U r n  c e n t e r  o f  L h e  r o a d .  F u r t h e r ,  i f  t h e  t i l e  i s  u n d e r  t h e  
c c l l t e r ,  t h e r e  i s  l i a b i i i t y  o f  t h e  s e t t l i n g  o f  t ! J e  f ' o i l  i n  t h e  t r e n c h ,  
w ! i i c h  w i l l  m : i k e  a  d e p r e s s i o n  a n d  p r o b a b l y  a  m u d  h o l e ;  a n d  i f  t h e  
t i l e  b 1 w o r n e s  s t o p p e d ,  i t  i s  e x p e n s i v e  t o  d i g  i t  u p ,  a n d  t h e  d o i n g  s o  
i n t n r f o r e s  w i t h  t r a f f i c .  F i n a l l y ,  i f  t h e  r o a d  i s  e v e r  g r a v e l e d  o r  
m a  cac: .~ m i z l ' d ,  t h e  d i s  a d v a n t a g e  o f  h a v i n g  t h e  t i l e  d r a i n  u n d e r  t h e  
c c r . t e r  o f  ! h e  r o a d  i s  m a t e r i a l l y  i n c r e a s e d .  
S o m e  \ \ ' r i t e r s  a d  v o c a  t c  t h e  u s e  o f  a  l i n e  o f  t i l e  n e a r  t h e  s u r f a c e ,  
o n  e a . : : h  s i < l c  o ?  t L e  t r a c k w a . y .  T h e  o b j e c t  o f  p l a c i n g  t h e  t i l e  i n  t h i s  
; - i o s i t i o n  i s  l o  s e c u r e  a  r a . p i d  d r a i n a g e  o f  t h e  s u r f a c e ;  b u t  v e r y  
i i U l e ,  i f  a n y ,  w a t e r  f r o m  t h e  s u r f a c e  w i l l  e v e r  r e a c h  a  t i l e  s o  
p b c c d ,  s i n c e  t h e  r o : i d  s u r f a c e  w h e n  w. e t  i s  p u d d l e d  b y  t h e  t r a f f i c ,  
w h i c h  p r e v e n t s  U t e  w a t e r  p e r c o ! a ' t i n g  t h r o u g h  t h e  s o i l .  I t  i s  c e r t a i n  
t b . t  i n  c b y  o r  l o a m  t h e  d r a i n a g e  t h u s  o b t a i n e d  i s  o f  n o  p r a c t i c a l  
v a i 1 1 e .  M a n y  f a r m e r s  h a v e  t r i e d  l o  d r a i n  t h e i r  b a r n - y a r d  b y  l a y i n g  
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tile near the surface, but always without appreciable effect. The 
-Oeeper the tile the better the drainage. 
Whilo n line of tile on one side of the road is usually sufficient, 
there is often a great difference as to the side C\n which it should 
be laid. If one side of the road is higher than the other, the . tile 
should be on the )ligh side to intercept the ground water flowing 
-Oown the slope under the surface. Sometimes a piece of road is 
wet because of a spring in the vicinity, or per.haps the road is 
muddy because of a stratum which brings the water to the road 
from higher ground; in either case, the source of supply should be 
tapped with a line of tile instead of trying to improve the road by 
piling up earth. 
II. Side Ditches. 
The side ditches are to receive the water from the surface of 
the traveled way, and should carry it rapidly aud entirely away 
from the roadside. They are useful, also, to intercept and carry 
-0ff water that would otherwise flow from the side hills upon the 
road. Ordinarily they need not be deep; but, if possible, should 
have a broad, flaring side toward the traveled way, to prevent acci-
-Oent if a vehicle should be crowded to the extreme side of the road-
way. The outside bank should be flat enough to prevent caving-
.an important matter which is frequently neglected. 
If the roa·d is tiled as previously recommended, the side ditch 
need not be very large; but it should be of ~uch a form as to 
permit its construction with the "road machine" or scraping 
grader, or with a drag scraper, instead of requiring to be made by . 
hand. On comparatively level ground, the proper form of side 
-ditch is readily and cheaply made with the usual "road machine." 
An example of this 'form of ditch is shown in Fig. 2. 
If a larger and deeper· ditch ·than shown in Fig. 2 is required, 
'it can still be made chiefly and cheaply with the drag-scoop scraper. 
·:For an example of a deep ditch of this form, see Fig. 3, page 14. 
, 
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A  d e e p  n a n o w  d i t c h  i s  e x p e n s i v e  t o  c o n s t r u c t ,  a n d  a l s o  e x p e n -
s i v e  t o  m a i n t a i n ,  s i n c e .  i t  i s  e a s i l y  o b s t r u c t e d  b y  t h e  c a v i n g  b a n k s ,  
b y  w e e d s ,  a n d  b y  f l o a t i n g  t r a s h .  F o r t u n a t e l y  t h e  s h a l l o w  d i t c h  i s  
e a s y  a n d  c h e a p  t o  c o n s t r u c t  a n d  a l s o  t o  m a i n t a i n .  I f  i t  _i s  n e c e s -
s a r y  t o  c a r r y  w a t e r  a l o n g  t h e  s i d e  o f  t h e  r o a d  t h r o u g h  a  r i s e  i n  
t h e  g r o u n d ,  i t  i s  m u c h  b e t t e r  t o  l a y  a  l i n e  o f  t i l e  a n d  n e a r l y  f i l l ·  
t h e  d i t c h  t h a n  t o  a t t e m p t  t o  m a i n t a i n  a  n a r r o w  d e e p  d i t c h .  A ·  t i l e  
i s  v e r y  m u c h  m o r e  e f f e c t i v e  p e r  u n i t  o f  c r o s s  s e c t i o n  t h a n  m o s t  
o p e n  d i t c h e s .  
:~.:~::~.:,~~':-.:;-~;,,~-~~,~~~;;.~,~ :.~.~ -,~.~- ~:5ft. ~-:~~~~~~ t~~; 
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· P i g .  3 .  P r o p e r  F o r m ·  o f  D e e p e r  S i d e  D i t c h .  
T h e  s i d e  d i t c h  s h o u l d  h a v e  a  u n i f o r m  g r a d e  a n d  a  f r e e  o u t l e t  
i n t o  s o m e  s t r e a m ,  s o  a s  t o  c a r r y  t h e  w a t e r  e n t i r e l y  a w a y  f r o m  t h e  
r o a d .  N o  g o o d  r o a d  c a n  b e  o b t a i n e d  w i t h  s i d e  d i t c h e s  t h a t  h o l d  
t h e  w a t e r - u n t i l  · i t  e v a p o r a t e s .  M u c h  o s t e n s i b l e  r o a d  w o r k  i s  a  '  
p o s i t i v e  d a m a g e  f o r  t h i s  r e a s o n .  P i l i n g  u p  t h e  e a r t h  i n  t h e  m i d d l e ·  
o f  t h e  r o a d  i s  p e r h a p s .  i n  i t s e l f  w e l l  e n o u g h ,  b u t  l e a v i n g  u n d r a i n e d  
h o l e s  a t  t h e  s i d e  p r o b a b l y  m o r e  t h a n  c o u n t e r b a l a n c e s  t h e ·  b e n e f i t s  
o f  t h e  e m b a n k m e n t .  · A  r o a d  b e t w e e n  l o n g  a r t i f i c i a l  p o n d s  i s  a l w a y s  
a n  i n f e r i o r  o n e ,  a n d  i s  o f t e n  i m p a s s a b l e .  I t  i s  ! ! h e a p e r  a n d  b e t t e r  
t o  m a k e  a  l o w e r  e m b a n k m e n t ,  a n d  t o  d r a i n  t h o r o u g h l y  t h e  h o l e s  a t .  
·  t h e  s i d e  o f  t h e  r o a d .  ,  P u b l i c  f u n d s  c a n  o f t e n  b e  m o r e  w i s e l y  u s e d  
i n  m a k i n g  d i t c h e s  i n  a d j o i n i n g  p r i v a t e  l a n d s  t h a n  i n  m a k i n g  p o n d s  
a t  t h e  r o a d s i d e  i n  a n  a t t e m p t !  t o  i m p r o v e  t h e  r o a d  b y  r a i s i n g  t h e  
s u r f a c e .  I t  i s  c h e a p e r  a n d  b e t t e r  t o  a l l o w  t h e  w a t e r  t o  r u n  awa~ 
f r o m  t h e  r o a d  t h a n  t o  t r y  t o  l i f t  t h e  r o a d  o u t  o f  t h e  w a t e r .  
W h e n  t h e  r o a d  i s  i n  a n  e x c a v a t i o n ,  g r e a t  c a r e  s h o u l d  b e  t a k e n  -
.  t h a t  a  d i t c h  i s  p r o v i d e d  o n  e a c h  s i d e  t o  c a r r y  a w a y  t h e  w a t e r  s o  
t h a t  i t  s h a l l  n o t  r u n  d o w n  t h e  m i d d l e  o f  t h e  r o a d .  E v e r y  r o a d  
s h o u l d  h a v e ·  s i d e ·  d i t c h e s ,  e v e n  o n e  t h a t  r u n s  s t r a i g h t  d o w n  t h e  s i d e  
o f  a  h i l l .  I n d e e d ,  t h e  s t e e p e s t  r o a d  n e e d s  t h e  s i d e  d i t c h  m ' o s t ,  ·  
a l t h o u g h  i t  o f t e n  h a s  n o n e .  F r e q u e n t l y  t h e  w a t e r  r u n s  d o w n  t h e  
m i d d l e  o f  t h e  r o a d  o n  a  s i d e  b i l l  a n d  w e a r s  i t  i n t o  g u l l i e s ,  w h i c h  
a r e  a  d i s c o m f o r t ,  a n d  o f t e n  d a n g e r o u s ,  i n  b o t h  w e t  w e a t h e r  a n d  d r y .  \  ·  
/  I n  a  s l i g h t l y  r o l l i n g  c o u n t r y ,  t h e  s i d e  d i t c h  f r e q u e n t l y  h a s  n o  
o u t l e t ,  a n d  t h e  w a t e r  i s  a l l o w e d  t o  a c c u m u l a t e  a t  t h e  f o o t  o f  t h e  
' /  
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slope · and there 1·emain until it is absorbed by the ground or seeps 
into a tile drain. Under such conditions, the water seeps away 
very slowly, since the fine silt washed down from above forms an 
almost impervious coating which practically prevents any water 
I 
. from percolating through. The difficulty could be remedied by pro-
viding an inlet from the open uitch to the tile. This may be a 
well, walled with plank or masonry without mortar (except near 
the top) and having a grating in the side or top through which the 
water may pass. The well should be large enough to allow a man 
to enter it to clean it, and should extend a foot or more below the 
bottom of the tile. Earth roads in villages and · towns are usually 
better provided with such inlets than country roads, but both could 
be materially improved at comparatively small expense by attention 
to this matter. 
If it can be prevented, no attempt should be made to carry 
water long distances in side ditches; for large bodies of water are · 
hard to handle, and are liable . to become very desti;uctive. Side 
ditches should discharge frequently into natural water-courses, 
though to compass this, it may in some cases be necessary to carry 
the water from the high side to the · low side of the road. This is 
sometimes done by digging a gutter or by building a dam diagonally 
~cross the road, but both are very objectionable. A better way is 
to. lay a tile or put in a culvert, the amount of water determining 
which shall be done. 
It is ·sometimes necessary to carry water a considerable distance 
in the side ditches, as, · for example, when the road is in excavation. 
This requires deep ditches, which are undesirable and dangerous; 
and if the grade is considerable, the ditches wash rapidly. In 
such cases, it is wise to lay in a line of tile under the side ditch, 
and turn the water from the surface ditch into the tile at intervals. 
This can be accomplished readily by inserting in the ~inc of porous 
tile a Y section of vitrified sewer pipe, with the short arm opening 
up hill. Of course, the short arm, i. e., the vertical arm, need not 
be as 'large as the body. If necessary, two or three lengths of 
porous tile may be added at the upper end of the Y to make con- · 
nection with the bottom of the open ditch. Earth, sods, or stones 
can be piled around the upper end of the tile to make a dam nnd 
·tO' ·hold the tile in place. 
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A s  a  r u l e ,  s i d e  d i t c h e s  w i l l  n o t  h a v e  t o o  m u c h  f a l l ,  b u t  s o m e -
t i m e s  a  d i t c h  s t r a i g h t  d o w n  a  h i l l  w i l l  h a v e  s o  m u c h  f a l l  a s  t o  
w a s h  r a p i d l y ,  i n  w h i c h  c a s e  i t  i s  a n  a d v a n t a g e  t o  p u t  i n  a n  o b -
.  s t r u c t i o n  o f  s t o n e  o r  b r u s h .  I n  e x t r e m e  c a s e s  t h e  b o t t o m  o f  t h e  
d i t c h  i s  p a v e d  w i t h  s t o n e s .  
i l l .  S u r f a c e  D r a i n a g e . ·  
T h e  s u r f a c e  d r a i n a g e  o f  a  r o a d  i s  p r o v i d e d  f o r  b y  m a k i n g  t h e  
t r a v e l e d  w a y  c r o w n i n g  a n d  k e e p i n g  i t  s m o o t h .  T h e  m a k i n g  o f  t h e  
r o a d  c r o w n i n g  i n  t h e  b e g i n n i n g  i s  a  m a t t e r  o f  c o n s t r u c t i o n ,  a n d  
t h e  k e e p i n g  o f  t h e  s u r f a c e  s m o o t h  i s  a  q u e s t i o n  o f  m a i n t e n a n c e .  
I t  s h o u l d  b e  r e m e m b e r e d  t h a t  w a t e r  u p o n  t h e  s u r f a c e  o f  t h e  r o a d  
c a n  n o t  b e  c a r r i e d  a w a y  b y  t h e  u n d e r d r a i n s  u n t i l  a f t e r  i t  h a s  p e n e -
t r a t e d  a n d  s o f t e n e d  t h e  r o a d  s u r f a c e .  
C o n s t r u c t i n g  t h e  C r o w n .  T h e  s l o p e  f r o m  t h e  c e n t e r  t o  t h e  s i d e  
s h o n l d  b e  e n o u g h  t o  c a r r y  t h e  w a t e r  f r e e l y  a n d  q u i c k l y  t o  t h e  s i d e  
d i t c h ;  a n d  i f  t h e  s u r f a c e  i s  k e p t  f r e e  f r o m  r u t s  a n d  h o l e s ,  l e s s  
c r o w n  w i l l  s u f f i c e  t h a n  i f  n o  a t t e n t i o n  i s  g i v e n  t o  k e e p i n g  t h e  s u r -
f a c e  s m o o t h .  I f  t h e r e  i s  n o t  e n o u g h  c r o w n ,  t h e  w a t e r  c a n  n o t  
r a s i l y  r e a c h  t h e  s i d e  d i t c h e s ;  a n d  h e n c e  t h e  r o a d  s o o n  b e c o m e s  
w a t e r  s o a k e d .  
O n  t h e  o t h e r  h a n d ,  t h e  c r o w n  m a y  b e  t o o  g r e a t  . .  I f  t h e  s i d e  
s l o p e s  a r e  s o  s t e e p  t h a t  t r a f f i c  k e e p s  c o n t i n u a l l y  i n  t h e  m i d d l e ,  t h e  
r o a d  w i l l  b e  w o r n  h o l l o w  a n ·d  r e t a i n  t h e  w a t e r  i n s t e a d  o f  s h e d d i n g  i t  
p r o m p t l y  t o  t h e  s i d e  d i t c h e s .  W i t h  t h e  o r d i n a r y  m e t h o d  o f  c a r i n g  
f o r  e a i · t ' h  r o a d s ,  m o r e  w a t e r  s t a n d s  o n  a  v e r y  c o n v e x  r o a d  t h a n  o~ 
a  f l a t t e r  o n e .  I f  t h e  c r o w n  · i s  t o o  g r e a t ,  i t  i s  d i f f i c u l t  f o r  v e h i c l e s  
t o  t u r n  o u t  i n  p a s s i n g  e a c h  o t h e r .  A g a i n ,  i f  t h e  e a r t h  i s  p i l e d  t o o  
h i g h  i n  t h e  m i d d l e ,  t h e  s i d e  s l o p e s  w i l l  b e  w a s h e d  i n t o  t h e  s i d e  
d i t c h e s ,  w h i c h  n o t  o n l y  _d a m a g e s  t h e  r o a d  b u t  a l s o  f i l l s  u p  t h e  
d i t c h e s .  F u r t h e r ,  i f  t h e  s i d e  s l o p e s ·  a r e  s t e e p ,  t h e  t o p  o f  t h e  w h e e l  
w i l l  b e  f a r t h e r  f r o m  t h e  c e n t e r  o f  t h e  r o a d  t h a n  t h e  b o t t o m ,  a n d  
.  .  I  
t h e  m u d  p i c k e d  u p  b y  t h e  b o t t o m  o f  t h e  w h e e l  w i l l  b e  c a r r i e d  t o  
t h e  t o p  o f  t h e  w h e e l  a n d  t h e n  d r o p p e d  f a r t h e r  f r o m  t h e  c e n t e r  o f  
t h e  r o a d  t h a n  i t  w a s  b e f o r e ,  e a c h  v e h i c l e  a c t i n g  l i k e  a  p l o w  a n d  
m o v i n g  t h e  e a r t h  f r o m  t h e  c e n t e r  t o w a r d  t h e  s i d e  o f  t h e  r o a d .  
· T h e  s l o p e  f r o m  t h e  c e n t e r  t o  t h e  s i d e  s h o u l d  b e  a t  l e a s t  h a l f  a n  
i n c h  t o  a  f o o t ,  o r  1  f o o t  i n  2 4  f e e t ;  a n d  .  i t  f l h o u l d  n o t  b e  m o r e  
t h a n  1  i n c h  t o  a  f o o t ,  o r  1  f o o t  i n  1 2  f e e t .  I f  t h e  s u : r f a c e  i s  w e l l  
~ 
' .  
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cared for, the former is better than the latter; but in no case is it 
wise to exceed the latter slope. For a diagram showing a cross 
section of a road having the first named slope, see Fig. 2, page 13, 
and for the cross section of a road having the second slope, see Fig. 3, 
page 14; and for a road on an embankment, see Fig. 4. 
Fig. 4. Proper Crown for · Road on Embankment. 
The crown should be greater on steep grades tl·nn on the more 
Jovel portions, Rinco on tl1c grado Ll10 ljno of slocpot-1t. dcsccnl iR not 
perpendicular to the length of the road, and consequently the 
water in getting from the center of the road to the side ditches 
travels obliquely down the road. If the water once commences to 
run down the center of the roadway on a steep grade, the wheel 
tracks are quickly deepened, stones are loosened or uncovered, and 
the road becomes rough and even dangerous. Under these circum-
stances, it is necessary to construct catch-waters, "water-breaks," 
"hummocks," or "thank-you-marms" at intet·vals to catch the 
water which runs longitudinally down the road, and convey it to 
the side ditches, thereby preventing the formation of gullies in the 
road surface. These catch-waters. may be either broad shallow 
ditches or low flat ridges constructed across the road; an<l they 
· may slope toward one or both ditches. In, the former case, they 
should cross the road diagonally ·in a straight line; and in the 
latter case, in plan they should be a broad angle with the apex a.t 
the center of the road pointing up hill. There is little or no differ-
ence between the merits of the ditch and the ridgo, unless the 
bottom ?f the former is paved with gravel, brolrnn stone, or cob-
bles. The ridges are more common, but usually are so narrow and 
so high as to form a serious obs.truction to traffic. However, 
neither th!) ditches nor the ridges should be used except on steep 
grades whe.re really ~eeessary, since either form is at best an 
obstruction to travel. The angle that the catch-waters shall have 
with the axis of the ro;i.d should be governed by the steepness of 
the grade-the steeper the grade the more nearly should the ca.tch-
waters run down the road. They should have a considerable 
.I 
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b r e a d t h  s o  t h a t  w h e e l s  m a y  e a s i l y  a s c e n d  t h e m  a n d  h o r s e s  w i l l  n o t  
s t u m b l e  o v e r  t h e m .  
C a t c h - w a t e r s  s h o u l d  a l s o  b e  c o n s t r u c t e d  i n  a  ~epression w h e r e  
. a n  a s c e n d i n g  a n d  a  d e s c e n d i n g  g r a d e  m e e t ,  i n  o r d e r  t h a t  t h e y  m a y  
c o l l e c t  t h e  w a t e r  t h a t  r u n s  d o w n  t h e  t r a v e l e d  w a y  a n d  c o n v e y  i t  
i n t o  t h e ·  s i d e  d i t c h e s .  T h e s e  c a t c h - w a t e r s  s h o u l d  r u n  s q u a r e  a c r o s s  
t h e  r o a d ,  a n d  s h o u l d  b e  q u i t e  s h a l l o w  d i t c h e s ,  t h e  b o t t o m  o f  w h i c h  
i s  h a r d e n e d  w i t h  g r a v e l ,  b r o k e n  s t o n e ,  o r  c o b b l e s .  
S o m e  w r i t e r s  r e c o m m e n d  t h a t  a  s u r f a c e  o f  t h e  r o a d  o n  t h e  f a c e  
- 0 f  h i l l s i d e s  s h o u l d  c o n s i s t  o f  a  s i n g l e  s l o p e  i n c l i n i n g  i n w a r d s .  T h i s  
f o r m  o f  s u r f a c e  i s  a d v i s a b l e  o n  s h a r p  c u r v e s ,  b u t  i s  o f  d o u b t f u l  
p r o p r i e t y  e l s e w h e r e .  T h e  o n l y  a d v a n t a g e  o f  t h i s  f o r m  i s  t h a t .  t h e  
w a t e r  f r o m  t h e  r o a d  i s  p r e v e n t e d  f r o m  f l o w i n g  d o w n  t h e  o u t e r  f a c e  
o f  t h e  e m b a n k m e n t ;  b u t  t h e  a m o u n t  o f  r a i n  w a t e r  f a l l i n g  u p o n  o n e  
h a l f  o f  t h e  r o a d  c a n  n o t  h a v e  a  v e r y  s e r i o u s  e f f e c t  u p o n  t h e  s i d e  
o f  t h e  e m b a n k m e n t .  W i t h  a  r o a d w a y  r a i s e d  i n  t h e  c e n t e r ·  a n d  t h e  
w a t e r  d r a i n i n g  o f f  t o  e i t h e r  s i d e ,  t h e  d r a i n a g e  w i l l .  b e  m o r e  e f f e c t u a l  
a n d  s p e e d y  t h a n  i f  t h e  d r a i n a g e  o f  t h e  o u t e r  h a l f  m u s t  _p a s s  o v e r  
t h e  i n n e r  h a l f .  I f  t h e  s u r f a c e  i s  f o r m e d  o f  o n e  p l a n e ,  t h e  l o w e r  
h a l f  o f  i t  w i l l  r e c e i v e  t h e  g r e a t e r  shar~ o f  t h e  t r a v e l ;  a n d  a s  i t  
w i l l  b e  m o r e  p o o r l y  .  d r a i n e d ,  i t  i s  n e a r l y  c e r t a i n  t o  w e a r  h o l l o w .  
T h i s  w i l l  i n t e r f e r e  w i t h  t h e  s u r f a c e  d r a i n a g e ; .  a n d  c o n s e q u e n t l y  
a ·  r o a d  w i t h  t h i s  s e c t i o n  w i l l  r e q u i r e  e x c e s s i v e  a t t e n t i o n  t o  k e e p  i t  
i n  g o o d  c o n d i t i o n .  - .  
W h a t e v e r  t h e  f o r m  o f  t h e  r o a d  s u r f a c e ,  i f  t h e  h i l l s i d e  i s  s t e e p  
t h e r e  s h o u l d  b e  a  c a t c h - w a t e r  a b o v e  t h e  r o a d  t o  p r e v e n t  t h e  w a t e r  
f r o m  t h e  h i l l s i d e  a b o v e  f r o m  f l o w i n g  d o w n  o n  t h e  r o a d . .  I t  s h o u l d  
b e ,  s a y ,  6  f e e t  b a c k  f r o m  t h e  e x c a v a t i o n ,  a n d  s h o u l d  h a v e  a  w i d t h  
a n d  d e p t h  a c c o r d i n g  t o  t h e  a m o u n t  o f  w a t e r  t o  b e  i n t e r c e p t e d  . .  
M a i n t a i n i n g  t h e  C r o w n .  P r o p e r  m a i n t e n a n c e  i s  a s  i m p o r t a n t  
.a s  g o o d  c o n s t r u c t i o n .  A  d i s t i n c t i o n  s h o u l d  b e  m a d e  b e t w e e n  m a i n -
t e n a n c e  a n d  r e p a i r i n g .  T h e  , f o r m e r  k e e p s  t h e  r o a d  a l w a y s  i n  g o o d  
- c o n d i t i o n ;  t h e  l a t t e r  m a k e s  i t  s o  o n l y  o c c a s i o n a l l y .  I f  t h e  r o a d  i s  
n o t  p r o p e r l y  m a i n t a i n e d ,  i t  d e t e r i o r a t e s  i n  ·a  g e o m e t r i c a l  r a t i o -
.a  s m a l l  d e p r e s s i o n  f i l l s  w i t h  w a t e r .  a n d  s o o n  b e c o m e s  · a  m u d  h o l e  
w h i c h  t r a f f i c  m a k e s  d e e p e r  a n d  d e e p e r ,  o r  a n  o b s t r u c t e d  s i d e  d i t c h  








out the surface. A defect which could be remedied in the begin-
ning with a shovelful of earth or a minute's time, if neglected may 
require a wagon load of earth or an hour's time, besides being in 
the menntime an annoyance or a danger to · traffic. The better the 
state in which the road is kept, the less are the injuries to it by 
·ordinary traffic and the weather. 
Water is the natural enemy of good earth roads. The chief ob-
ject of maintenance should be to keep the surface smooth and 
properly crowned so that rain water will be shed promptly into the 
side ditches. These should be kept open so that the water may be 
·carried entirely away from the road. 
Smoothing the Surface. The most important work in maintain-
ing an earth road is to keep the surface smooth so that the rain 
water will flow quickly in to the side ditches. If the surface of 
the roa.dway is properly formed and kept smooth,- the water will 
br shed iJ?tO ' the side ditches and do comparatively little harm; 
but if it remains upon the surface, it will be absorbed and convert 
· the road into mud. If all ruts, depressions, and rr.ud holes are not 
filled as soon as they appear, they will retain the water upon the 
surface, to be removed only by ·gradually soaking into the . road-bed 
and by slowly evaporating; and each passing wheel or hoof will 
help to destroy the road. 
There are several machines or devices which are very effective 
in filling ruts and depressions, and in keeping the surface smooth. 
The different tools are best under different conditions. 
Harrow. In the winter . there frequently come times whE.il the 
· road is full of holes and ruts, while the surface soil is dry and 
mellow. This condition occurs most frequently when the ground 
below · the surface is frozen. If at this time a iiarrow is run over 
the road, it will fill up the ruts and holes and leave the surface 
comparatively smooth. This improves the road for present travel, 
and gives a smooth surface which will greatly decrease the de-
terioration of the road by subsequent rains. The ordinary adjust-
able farm harrow should be used, and the teeth should be set to 
slope well back. The labor required is not great, since a 12-foot 
harrow can be 'used, and then a single round is Rufficient. 
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O f t e n  t h e r e  a r e  o n l y  a  f e w  h o u r s  i n  t h e  m i d d l e  o f  t h e  d a y  w h e n ··  
t h e  f r o s t  i s  o u t  o f  t h e  g r o u n d  s u f f i c i e n t l y  t o  p e r m i t  t h i s  w o r k  t o  b e  
d o n e ,  a n d  t h e r e f o r e  i t  i s  b e s t  f o r  e a c h  f a r m e r  t o  h a r r o w  t h e  r o a d  
a d j o i n i n g  h i s  o w n  l a n d .  T h e  w o r k  c o m e s  a t  a  s e a s o n  o f  t h e  y e a r  
w h e n  t h e  f a r m e r ' s  t i m e  i s  u s u a l l y  n o t  v e r y  v a l u a b l e ,  a n d  h e n c e  t h e ·  
e x p e n s e  i s  s m a l l .  T h i s  m e t h o d  o f  _t r e a t i n g  e a r t h  r o a d s  h a s  p r o v e d '  
v e r y  b e n e f i c i a l  L o t h  · i n  s e c u r i n g  g o o d  r o . a d s  a n d  i n  p r e s e r v i n g  t h e m .  
I n  t h e  s u m m e r ,  w h e n  t h e  r o a d s  g e t  r o u g h e d  u p ,  t h e y  c a n  b e  
m a t e r i a l l y  i m p r o v e d  a t  s m a l l  e x p e n s e  b y  r u n n i n g  o v e r  t h e m  ' v i t h  a  
h a r r o w  h a v i n g  t h e  t e e t h  d o w n  q u i t e  f l a t .  I f  t h e  r o a d s  a r e  a  l i t t l e  
m u d d y ,  t h i s  t r e a t m e n t  w i l l  m a k e  t h e m  d r y  f a s t e r  a n d  a l s o  m a k e  
t h e m  m u c h  m o r e  p l e a s a n t  t o  u s e  a f t e r  t h e y  h a v e  d r i e d .  
R a i l r o a d  R a i l .  I n  t h e  e a r l y  s p r i n g ,  j u s t  a f t e r  t h e  f r o s t  g o e s  o u t  
o f  t h e  g r o u n d ,  e a r t h  r o a d s  a r e  u s u a l l y  f u l l  o f  d e e p  r u t s .  T h e  h a r -
r o w  i s  n o t  s u i t a b l e  f o r  t h e  w o r k  n o w  r e q u i r e d .  T h e  o b j e c t  i s  
s i m p l y  t o  c u t  o f f  t h e  r i d g e s  a n d  f i l l  u p  t h e  r u t s ,  a n d  t h u s  " b r e a k  
t h e  w a y "  f o r  t r a v e l .  I t  i s  w e l l  t o  b r e a k  t h e  r o a d  e a r l y  i n  t h e  
s e a s o n ,  b o t h  t o  a c c o m m o d a t e  i m m e d i a t e  t r a v e l  a n d  t o  h a s t e n  t h e  
c o m i n g  o f  a  b e t t e r  c o n d i t i o n  o f  t h e  r o a d .  I t  i s  m u c h  m o r e  e c o n -
. , .  
o m i c a l  t o  m a k e  t h e  r o a d  s m o o t h  w i t h  a  r a i l r o a d  r a i l  o r  i t s  e q u i v a - -
l e n t  t h a n  t o  w e a r  i t  d o w n  b y  t r a v e l .  
A  r a i l r o a d  r a i l  1 4  t o  1 6  f e e t  l o n g  d r a w n  b y  t w o  t w o - h o r s e ·  t e a m s  
h a s  b e e n  u s e d  w i t h  g r e a t  s u c c e s s  i n  b r e a k i n g  d o w n  , t h e  r i d g e s  a n d  
f i l l i n g  u p  t h e  r u t s .  T h e  t e a m  i s  h i t c h e d  t o  a n  e y e  f a s t e n e d  t h r o u g h  
t h e  w e b  2  o r  3  f e e t  f r o m  t h e  e n d  o f  t h e  r a i l .  T h e  ( ) d g e  o f  t h e  b a s e  
o f  t h e  r a i l  s e r v e s  a s  a  c u t t i n g  e d g e .  A  7 - i n c h  s t e e l  I - b e a m  i s  
,  I  
e q t i a l l y  g o o d .  
v V h e n  t h e  g r o u n d  i s  m e l l o w  a n d  l o o s e  a f t e r  - f r e e z i n g  a n d  t h a w i n g ,  
.  t h e  s t e e l  r a i l  w i l l "  s m o o t h  t h e  r o a d  n e a r l y  a s  ' s a t i s f a c t o r i l y  a s  t h e  
' ' r o a d  m a c h i n e , ' '  o r  s c r a p i n g  g r a d e r ,  a s  i t  i s  m o r e  p r o p e r l y  c a l l e d ,  .  
a n d  m u c h  m o r e  r a p i d l y ,  s i n c e  i t  c u t s  a  w i d e r  s w a t h  a n d  s i n c e '  t h e .  
d r a f t  i s  s o  l i g h t  t h a t  t h e  t e a m s  w a l k  r i g h t  a l o n g .  O n e  r o u n d  t r i p  
i s  u s u a l l y  s u f ( i c i e n t  f o r  a n y  r o a d .  T h e  t i m e  w h e n  t h e  w o r k  i s  
m o s t  .  a d v a n t a g e o u s l y  d o n e  i s  co~paratively l i m i t e d ;  a n d  t h e r e f o r e  
o n e  r a i l  s h o u l d  n o t  b e  e x p e c t e d  t o  c o v e r  t o o  m u c h  r o a d .  T h e  c o s t  
i s  s o  s m a l l  t h a t  o n e  c a n  b e  p r o v i d e d  f o r  e a c h  f e w  m i l e s  o f  r o a d -
t h e  n u m b e r  d e p e n d i n g  u p o n  t h e  c l i m a t e  a n d  t h e  n a t u r e  o f  t h e  s o i l .  
I f  r o a d s  a r e  t r e a t e d  i n  t h i s  w a y ,  t h e y  · w i l l  n o t  g e t  s o  r o u g h ;  a n d  
h e n c e  w i l l  r e q u i r e  l e s s  w o r k  l a t e r  w i t h  t h e  h e a v y  r o a d  , m a c h i n e .  
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Light Scraper. A heavy stick of timber, say; 6x12 inches, faced 
on one side with a steel plate, and drawn by a team, is very ef-
fective in. smoothing the way for travel. To the top face of the 
timber should be fastened a fr51me by which to hitch the team. 
This frame should be in the form of a capital A with one leg a 
little shorter than the other, to cause the cutting edge to stand 
obliquely to the line of draft. The blade should be about % inch 
thick, 4 inches wide, and as long as the timbe1:, say 6 or 7 feet. 
There are many ''road machines'' o~ the market, all of which 
are most excellent for cerlain kinds of work, but most of which are 
too heavy for the conditions just described. Most of the machines 
are mounted upon four wheels, and of themselves are a considerable 
load over roads which are only a succession of ridges, ruts, and 
mud holes; and are heavier and more cum berso .. ne than is neces-
sary for the work now under consideration. 
Split-Log Drag. Fig 5 shows a form of road drag first made by 
Mr. D. Wlard King, of Missouri. The main pieces are the two , 
halves of ·a log 10 or 12 . inches in diameter and 7 to 9 feet long. 
PIG. 5. THE .KING SPLIT-LOG ROAD DRAG. 
The log should be some light wood, as oak is too heavy. The cross 
sticks should he about 30 inches long. The rin:s or hook to which 
the double-trees a:re attached should be about 2 or 2% feet in front 
of the drag. The two pieces of the _chain should have such lengths 
that the log will stand at an angle of about 45° with the direction 
the team travels. The lower edge of the front slab should prefer-
--~~ly be protected by a steel plato 7{a, inch thick nnd 3 or 4 inches 
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w i d e .  A  w i d e  p l a n k  s h o u l d  b e  l a i d  u p o n  t h e  c o n n e c t i n g  s t i c k s , ·  u p o n  
w h i < ' h  t h e  d r i v e r  m a y  s t a n d .  
A  d r a g  s i m i l i a r  l o  t h a t  s h o w n  i n  F i g .  5  m a y  b e  m a d e  o f  a  2 ' - i n c h  
b y  1 0 - i n c h  o r  a  3 - i n c h  b y  1 2 - i n c h  p l a n k  i n s t e a d ·  o f  t h e ·  t w o  h a l v e s  
o f  a  s p l i t  l o g .  M r .  K i n g  d e s e r v e s  e r c ( l i t  f o r  t h e  i n t e l l i g e n c e  a n d  
p c r n i s t e n c y  w i t h  w h i c h  h e  h a s  a d v o c a t e d  t h e  u s e  o f  t h e  d r a g  i n  
k e e p i n g  s m o o t h  t h e  s u r f a c e  o f  a n  e a r L h  r o a d .  I f  t h e  s u r f a c e  o f  
t h e  r o a d  i s  k e p t  s m o o t h ,  t h e  r a i n  w a t e r  i s  s p e e d i l y  d r a i n e d  i n t o  
,  t h e  s i d e  d i t c h e s  a n d  b e s i d e s  t h e  r o a d  i s  a l w a y s  p l e a s a n t  t o  d r i v e  
u p o n .  
/ .  
. .  
. .  
'  
'  -
